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LIST OF ILLUSTRATIONS

(a) Cross-section of the scintillation detector flown on ATS-5.
(b) Energy-lbss characteristics of the scintillator. .

Detector output pulses for beams of (a) 20 keV electrons;

(b) 30 keV electrons; (c) 60 keV protons; (d) 60 keV electrons.

Time scale is 1 psec/large d1v1s1on.

(a) Comparison of scintillator light output between the thin
vapor-deposited layer flown on ATS-5 and a piece of bulk °

- CsI(T1) -- for electron beams of several different energies,

(b) Comparison of light output for the vapor;deposited layer
before and after deposition of the 10008 aluminum light shield.

Block diagram of the electronics for one detector.
Schematlc diagram of the delay line pulse filter circuit.
Schematic dlagram of the threshold dlscr1m1nator circuit.

Flux data plotted as a function of time on November 9, 1969
showing the various channels of data available from the ATS-5
experiment. Universal time is G.M,T,., and local time is the
time with respect to the sun at the satellite longitude.

Photographs from the 3DME experiment calibration mode: _
(a) Po?°® radioactive source counts in the plastic scintillator;
(b) slow, 50 kHz light diode pulses from sequences 6-8; (c)
fast, 50 kHz light diode pulses from sequences 9-11; (d) slow,
1 kHz light diode pulses for sequences 12-17, '

Light diode driver schematic diagram. The lab set resistors
R14, R16, R17, R19, R20 adjust the pulse heights of the five
different light diode pulses. The delay line DL1 is involved
in changing the pulse rise time.



I. SU,MMA].{.{Y'

‘The ,AT"S—S' satellite was launched on August 12, 1969. To
date, the University of California, Berkeley experiment (NASA desig-
nation 3DME) has completed nearly 900 days of successful operation.
One of the three detectors has been inoperable since launch because
of the fai1>ure. of a mechanical sun-shutter over the. entrance apei'ture.
Recent quic_k-look‘ data indicate that except for the sun-shutter problem,
the experiment performa.nce is undegraded.

The first year of data has been fully redliced and sélective
reductioh (during interesting intervals) has been performed on the
remaining data. Currentblc'lata from the experiment are received at
Berkeley after a short time delay and are of excellent qua“lity. |

Completed studies utilizing the data have been made on a series of
._tobicéf These studies 1a¥e listed in the Bibliography and one cop}; has |
been sent to the GSFC library. Data analysis is in progress (budget
permitting) on a number of other topics, including bounce -period
particle variations, substorm phenomenology, proton injelc.tioﬂng etc.

Data have been shared with a number of other experimen;cers,»
for the purpose of comparison with their own results frém balloon,
rocket and satellite experiments, The Berkeley group flew several .
balloons from the northern terminus of the ATS-5 magnetic field Jline.
at Thoi‘npsonb, Manitoba, Canada in 1970, The results from these fiights
“are also given in the Bibliography, The continued opeziatio.n of the
3DME experiment has prompted the planﬁing of anothe;' series of
balloon flights from Thompson, scheduled for August, 1972,

Measurements will be l'made of the ionospheric electric field and of



2.
auroral x-ray pulsations; these observations will be cémpared with the . \‘
particle fluxes recorded at the synchronous orbit on ATS:-S.

The Berkeley experiménters have received excellent cooperation
from all NASA personnel associated with the ATS project, which is.

greatly appreciated.



IL. OPERATION OF THE INSTRUMENT

A. Scintillation Detectors

In order to use a single detector for the simultanequs
analysis of both protons and electrons, it was decided to use
-a scintillator of: the configuration shown in Figure la (Mozer
et al., 1.968)' The _15,000 X vacuum-vapoi‘-deposited layer
of thallium activated cesium iodide stops electrons of en'erg);
£ 25 keV and protons of energy <300 keV. Particles of
energy higher than these stop in the plastic (NE 102) layer.
In addition, alpha particles of energy <1 MeV loée their
energy in the CsI(T1) layer. The energy loss characteristics
of such a scintillator are shown in Figure lb. ‘Vapor depo-
éitions of other materials than CsI(T1l) were attempted [such
as NaI(Tl) and dsI(Na)], but only the CsI(T1) evaporations“
produced satisfying results. Apparently the.other materials
required annealling after evaporation; however,‘ this cbuld
not be accomplished becaﬁse of the low melting tempelrature of
the plastic substrate. To prevent warping during the evapora-
tion process, the plastic discs were mounted in a copper |
holder through which cold water was circulated at all times.
An oil-free vacuum system .operating at. a pressure of less
_than 10_=8 torr was used and a system of moveable lids was
used over the evaporation boats to ensure complete control-
lability of the deposition. A quarti oscillator w.a_.s used to
conti{;uously monitor the deposited thickness. The thin,

1000 K layer of aluminum evaporated on top of the s‘éihtil-

lator acts as a light shield to starlight, It was made pinhole-



free by gentle brushing with a camel's hair brush imme-
diately after evaporafion.

Figure 2a shows a photograph of pulses from the anode
of the photomultiplier tube taken while the detector observed
a beam of 20 keIV electrons. Note the 0;7 wsec rise time
which is characterisfic of the light decay time in 'Cs‘I(’I’l).
(The 4 p sec pulse decay time is induc.edby the ampiifi’er
electir.onics.) Figure 2b similarly shows the resu1t>of a 36
keV electron beam, with the pulse rise time now ~ 7 nsec
(not observable on this time scale) which is the light de'cagr
time in NE 102. The detector responses to inputs of 60
keV.eleétrons and 60 keV protons are given in Figures 2c¢
and 2d, respectively. |

The light 'oﬁi;;'plilt of the vapor-deposited CsI(Tl) layer
wa.'s compared with that for bulk crystal CsI(’Il) for both
electron and proton beams with the result that the scintilla-
tion efficie‘ncy (in terms of light input to the photomul.fipliér
tube) of the evaporated layers was vii‘tually identical to tha;t o
of the bulk material (Figure 3a) until the addition of the
aluminum layer, after which it dropped by approximately 50%
(Figure 3b). Gold light shields were substituted for the
aluminum ones with similar resuits. The cause of thls reéult_.
is still unknown buf_::identicallproblems have oc'cgfred in ofher
experimenfs (f)ersonal communications to the author at the
1968 Scir_xtil}ationt and Semiconductor Symposium). The effect

of the aluminum layer on the efficiency of the proton-detecting



CsI(Tl) layer was undesirable but could not be avoided since
the light shield was essentié.l.

The above-described scintillators v’vevre used in conjunc-l
tion with RCA C70102M 2-inch photomultiplier tubes especially
selected for their low dark current, All tubes were vibration
tested and mounted in shock-resistent, molded fiberglass

forms, with machined aluminum and plastic collimators.

B. Electronics

Figure 4 presents a slightly simplified block diagram of

the electronics associated with one detector. Complete systems

and circuit diagrams and all other details are available in the

Experimenters Handbook (Westinghouse Defense and Space

:Center, 1970); Construction of the circuit components: was

by the welded module technique. Related units were installed

on epoxy motherboards with interconnections and power distri--

‘bution done by #32 magnet wire.

In Figure 4 .the output of the phot.omult.iplier tube ié fed
through a ch;rge-sensitive preamplifier and a fast pulse
amplifier in ser\ies‘. The signals are routed by shielded cable.
Considerable care was taken with the grounding of the svhields-
in order to avoid ringing, The actual separation of electrons
and protons (and alphas) is accomplished by the use of a
delay line (Flgure 5) passing only pulses of rise-time less
than 50 nsec. 'I'hus, only pulses originating in the plast1c
layer are able to reach the input of the '"FAST" threshold

discriminators. Pulses from both scintillating layers reach



the "SLOW'" threshold discriminator iﬁputs, how'ever. Pulses
large enough to trigger the threshold discriminators (whose
"trigger levels vary from channel to channel and are set by -
the lab-set resistor R2 as shown in Figure 6)produce
standardized square voltage pulses at the inputs to the ;Qinci-
dence/anticoihcidence'gates. When these gates are set in the
coincidence mode.only the simultaneous arrival of pulses from
the "SLOW'" and "FAST' threshold discriminators wiil produce
an output pulse to‘? the zener-diode based log count rate metgré.
The coincidence mode, then, corresponds to plastic pulses, or ‘
electrons of energy 225 keV. Similarly, in the anticoincidencé‘
mode, the gates respond only to the arrival of "SLOW" puiSes
unaccompanied by "FAST' pulses. An oﬁtput in the an{:i-
coincidence mode isI equivalent to protoﬁs of energy less than
~300 keV. (Assuming proper adjustment of the threshold
levelé.) The final calibration of the instrument énd the result-
ing respohses of the various channels to protons and electrons
are described in Appendix A, where typical ''center'' energies
are derived for each channel. These typical energies are ti’1e>
ones referred to throughout this paper.

Frorﬁ Figure 4 we see that channel 4 is permanently .set
in the anticoincidencé rmode and tha.f it has no log éount rate
meter, This channel is reserved for counting alpha particles
of energy greatér than the highest energy protons counted.
Thosé alphas counted are restricted to those stdppiﬁg in the
CsI(Tl) layer. The expected count rate was so low that tele-

metry was to be digital only, with no analog output, whereas



:the vthree electron and proton channels are telemetered in
both analog and digital modes.

In addition to the measurements described above, the
current supplied tc:) the tenth dynode of thé photomultiplier .
tube \'nas rﬁeaSure_d. This éurrent brovides a measurement
of the fotal light creatéd in the scintillator, and can be
inf!erpre‘t»ed as the total energy incident on the scixi?illator.
'Tl‘lis output "is referred to as channel O ahd is telemétered h
as an analog quantity only.

As an example of the results obtained, Figure 7 'pres‘evrﬂlts
the south detector particle data from all channels for the day
of November 9, 1969, The flux values .shown result frorh_the
instrument calibration.

Other :feét\ii"éé Jshown in Figure 4 are a tefnperature
measurement and the 1ight-diode inflight calibration system,
A thermistorzmounted on the scintillatof housing provides a
reading on the temperatui‘e there. This is necessary because
extremes of temperature will affect the light amplitude from
the scintillator, The light diode system is used four times
each day and provides light pulses of known amplitude bfrvom a
gallium phosphide light-emitting diode to check on the PM
tube gain. This gain will drift with time and can bbe corrected
to the nominal value by means of the commandable _h_igh
voltage system, The light diodes were extensively tested on
the ground vfo‘r amplitude drift, which was found to be much

less than 10% over the expected instrument lifetime .
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C. Experiment Sequencing and Telemetry

Both the internal logic system of the experiment
(Experimenters Handbook) and the satellite encoder logic
system use a hexadecimal system built upon a basic
sequence 5.12 seconds in length. Each sequence consists
of 16 frames, each of which is subdivided into 16 channels.
During those channels in which 3 DME analog data is read out,
the data is integra‘te‘d" for the first 10 msec and read out for
the last 10 msec of the 20 msec length of the channel.

Table 1 pfesents the telemetry format for one sequence,
showing the location of the 3 DME data. The precise koraer
of telemetered 3 DME analog quantities depends on which of
12 commandable readout modes the experiment is in at the
time. Table 2 lists ‘i:he’ reédout order as a functioﬁ of mode
‘and channel. Note that frames 4, 8 and 12 are always read
out in the same ord.er,, independent of the readout mode, with
proton (anticoincidence) data being telemetered in frames 4
and 12, and electron (coincidence) data being telemetered in
frame 8.. This override mode enables the examinaﬁon of
each of the experiment’s analog quantities at least once pei-
sequence.

The housekeeping data shown in Table 1 consist of the
temperature readings from each of the three thermistors and
several voltage monitors from the power suéply.

- One digital data point is read out each sequence, within
a l6-sequence formét. The arrangement of digital data as a

function df_sequence (0-15) is giv'e.n in Table 3 for both



FRAME

11

12
13
14

15

TABLE 1

3 DME TELEMETRY FORMAT IN
~ONE 5.12 SECOND SEQUENCE

CHANNEL

2 3 4 5 6 7 8 9 10 11 12 13

14

15

ANALOG DATA

ANALOG DATA

ke ANALOG DATA

- HQUSEKEEPING
(HK)

A

ANALOG DATA

€ PROT/ON OV EHRRIDE

3 IANALOG DATA

K ANALOG DATA

ATA

VERRIDE

A
k . ANALOG DATA

ANALOG DATA

ANALOG DATA

PROT|ON DVERRIDE

N

ANALOG DATA

& ANALOG DATA

I(— HK —3 DIGITAL

—3 g— 20 msec.
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TABLE 3

3 DME DIGITAL DATA FORMAT

11,

NORMAL SEQUENCES

CALIBRATION SEQUENCES

SEQ. | DIGITAL DATA DIGITAL DATA CALIB, SOURCE
0 | N3 N3 COINCIDENCE |RADIOACTIVE
1 N2 N2 SOURCE
2 E3 E3
3 E3 E2 "
4 s3 $3 T
5 52 52 § N
6 18 27 50 KHz 41
7 NORTH GAIN NORTH GAIN LIGHT R |
8 EAST GAIN EAST GAIN DIODE #3
9« | SOUTH GAIN SOUTH GAIN PULSES 4
10 MODE IDENT, MODE IDENT. 44
11 SYNCH, L D. =11 SYNCH. LD, = 11 #4
12 N4 N4 1 KHz 45
13 E4 E4 ' LIGHT 45|
14 | s4 s4 'DIODE #5
15 Sl s1 | PULSES = #5
s 16 | 100 KHz. OSC. 45
aa
S5 17 25
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normal sequencing and for the calibration .'sequencing
(18 seéﬁences long) which takes place every 163
sequences (approximately 5.8 hours). One sees that
sequences 12, 13 and 14 are the only p'laceé alpha particle
data is read out, so a total of 16 X 5.12 = 81.92 seconds
passes between consecutive alpha measurements frofn each
~detector,

The inflight calibration system is turned on by the
spaéecraft encoders every 163 sequences. During the
first six sequences in the calibration mode the experiment
amplifiers switch into a low gain mode and count pulses
from a P0208 radioactive source between the scintillator
(several pulses from which are shown in Figure 8a. The/ée
counts are sent out in frames 0-5 by the telemetry. For
the' féllowing three sequences the light diode drivers
(schematic shown in Figure 9) put out three pulses (a
different amplitude for each sequence) with pulse rise tiﬁles
of 1 msec. During the next three séq'uences (9-11) the light
diode pulses are of fast (5 nseg).rise time Witi’l fhe same .
amplitude pulses in all three sequences. For sequences 6-11
the amplifier is in the high gain mode and the light diode |
pulse rafe is 50 kHz. For the last six sequences of the
calibration the amplifier switches back to low gain and the
light diode driver puts out slpw (1 msec) pulses at a-1 kHz
rate. Figures 8b-d show photos of represehtative light-diode
pulses from sequéences 6-8 (50 kHz, slow), 9-11 (50 kHz,

fast) and 12-17 (1 kHz, slow), respectivély. Comparison



of 'pr'e-launch'calibration-mode data with inflight calibration
data enables adjustment of the photomultiplier tube gain to
the In&minal value. '.

| The calibration mode may also be activated by ground

command if desired. Other available ground commands are:

Coincidence /Anticoincidence Command. This
decides whether the instrument measures protons or
electrons. Frames 4, 8 and 12 are not affected.

Readout Mode Command. The command sets the

readout modes to one of those described in Tavb.le 2.

Gain Change Commands. One for each detector.

Enables adjustment of the PM tube voltage to put the
detector in the proper gain state as determined from
the inflight calibration system. There are 32 different

steps.

13,
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14.

FORMAT OF TAPES SUBMITTED TO THI NATIONAL SPACK
SCIENCE DATA CENTER (NSSDC)

ATSE - 3DME. INTERMEDIATE TAPES

Genéral
0.1 3" IBM 729 compatible

0.2 Odd Parity (Binary mode)
0.3 800 bits per inch v
0.4 Preparéd from Goddard Space Flight Center 3DME tapes
0.5 File Structure |

0.5.1 Two recérd tape identification file

~0.5.2 Not more than 50 data files each starting with an
identification record., Each data record contains
six logical records (logical record = one 5,12 sec
sequence). Data files are obtained from Goddard
Space Flight Center (called Goddard hereafter) 3DME
files, which generally represent about one hour of
data each.

0.6 Record Sizes. Tapes are written on a 60 bit machine.
"Word" here = 60 bits, 10 characters.,

0.6.1 Tape identification record,
: = 6 words, 6 X 60 bits, 60 ''characters'

0.6,2 Data file times and index record,
= 150 words, 150 X 60 bits, 1500 '"characters!'

0.6.3 Data file ID records,
= 11 words, 11 X 60 bits, 110 characters

0.6.4  Data records, physical, ‘
= 486 words, 486 X 60 bits, 4860 characters.
Logical records, six to a physical record, contain
81 words, V '

0.7 Each file ends in an End-of-file (E.O.F.) mark, The tape ends
in a double end of file mark (empty file) with no special trailer
record, ' : .

0.8 These tapes were written on a CDC 6600 machine at the
Lawrence Radiation Laboratory, Berkeley, California circa 1970.
This document describes the complete structure of the tapes --
there are no hidden system oriented codes.or pointers.,



1.0

Tape Leader File of 2 Records

1.1

1.2

ID record
Word 1 Year (eg 1970), Integer

2 Month (1-12) . "

3 Day L 1

4 Group No., , " o
5 b3bDMEbbbb , CDC Display Code
6 10 character

reel identifier "

‘File Times and index record

Word (i,1) 86400000 X day of year + milliseconds of day
: of first 5,12 sec '

(i,2) 86400000 X day of year + milliseconds of day
~of last 5.12 sec '

(i,3) Lawrence Radiation Laboratory, Berkeley CDC
System (Sept 1970) disk index to obtain random
access to lst record of file i. Caution: Do
not use this index to access records of tapes
.sent to National Space Science Data Center as
., some of these tapes have deleted records.

1.2,.1 1 = 1,50, Unused cells = 0. Index in (i, 3) is ‘nevevr
zero for existing files, . :

1.2.2 Sequence of words is (1,1), (2,1),...
..(50,1), (1,2)...(50,2), (1,3)....(50,3).

1,2.3 Above words are 60 bit integers

EOF mark
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2.‘0 Data file ID Record, Integers

Word 1 Satellite No.
2 Station No. .
3 Analog Tape No.
4 Data recorded, Year (eg 1970)
5 " » Month (1-12)
6 1 1" , Day
7 Group No,
8 File Status
9 100 X % Data Recovery
10 100 X % comb filter
11 Physical file count (2,3,4...)

Quantities in words 1-10 are obtained from the corresponding record
of the Goddard 3DME tape, translated to 60 bit integers.

2,1 Data Records

486 word physical records of six 81 word logical records each. Each
logical record contains one 5.12 sec telemetry sequence, The last
record of a data file will be filled with zeros if it contains less than 6
telemetry sequences. .

2.1.1 Structure of data record

Phys Rec, Logical Rec. Contents Format
(1-486) (1-81, 1-6) , ,
1+81 x (i-1) 1,i FOC4, FOC5 Calibrated ,'""Packed}
2+81 X (i-1) 2,1 FOC6, FOC7 Log o(flux)| (see 2.1.2)
3+ etc 3,1 FOC8, FOC9 (Except "

. : _ East detec

etc 12,1 FOCl4, FOCI15 >tor which 2 "

etc 13,1 FIC4, FIC5 is tele- R

. . metry

etc 24,1 FICl4, FICl5 |}volts) "

etc : 72,1 F14Cl4, F14C15 "

M 73,1 Day of year . Integer

n 74,1 Milliseconds of day oo

" 75,1 Sequence counter - o

" 76,1 Digital counter (3DME) . "

" 17,1 Goddard Sequence Flag o

" 78,1 Mode "o

" 79,1 : Bx| Magnetometer : CDC Foating

" 80,1 By} (ATS-E Magnetic Field 1
81+81(i-1) 81,1 ' - Bz| Monitor Instrumentation
1+ 81i (1, i+1) , T.L. Skillman, Jan., 1970

. . Goddard document
486 (81, 6) X-645-70-54

i=1to 6
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2.1.2 Packed format

Each 60 bit word (1,i) through (72,1) contains the following,

- 35 "
60 4948 - 3736°23433323130 1998 765432}
S: Exponent | Characteristic. |[LL | M | N_|S: Exponent | Characteristic|l, M N |
30 most significant bits contain the 30 least significant bits contain
first word (chronologically) and its the second word (chronologically)
identifying codes _ . and its identifying codes

2.1,2.1 The sign, exponent and characteristic are in CDC 6600
floating point form with characteristics truncated to
12 bits.

2.1.2.2 1L, régarded as a 2 bit integer
L 1, North detector ‘

2, South detector

3, East detector

1

2.1.2.3 M, regarded as a 2 bit integer
M = 0, (Current)

= 1, Energy range 1
= 2, 1 1 2
= 3 t 1" 3

2.1,2,4 N, regarded as a 2 bit integer
N =1, Electrons

2, Protons

i

3, Current



20.1.2.5

NO

NI1E
N2E
N3E
N1P
N2P
N3P

SO

S1E
S2E
S3E
S1P
S2P
S3P

EO
ELE
E2E
E3E
EIP
E2P
E3P

L M N
01 00 11
01 01 o1
01 10 o0l
01 11 ol
01 01 10
01 10 10
01 11 10
10 00 11
10 01 ol
10 10 o1
10 11 01
10 01 10
10 10 10
10 11

11 00 11
11 o1 ol
11 10 01
11 11 ol
11 01 10
11 10 10
11 11 10

10

LMN as single octal integer

23
25
31
35
26
32
36

43
45
51

55
46
52
56

63
65
71
75
- 66
72
76

18,



2.1.2.6 Calibration of Data on Intermediate Tape -

19.

Electrons

Telemetry _

Volts N1E SIE N2E S2E N3E S3E
0.0 3,42 3,05 2.16 2,58  1.39 1,50
0.25 3,61  3.25  2.40 2,80 1,66  1.69
0.50 3,80  3.45 2.64  3.02  1.93 1,88
0.75 3.97  3.68  2.86  3.20  2.16 2,07
1.00 4.15  3.90  3.09  3.39 2,39  2.26
1,25 4,31 4,11 3.31 3,60 2.59 2,47
1,50 4.48 4,33  3.52 3.8  2.79  2.67
1.75 4,65 4,54 3.76 4,04 3.01 2.86
2,00 4.81 4,75  4.00  4.25 3,23 3,05
2.25 4.98 4,94 4,22 4.43 3,43 3,24
2,50 5.14  5.13  4.44 4,60  3.63 3,43
2.75 5.29  5.31  4.62  4.79 . 3.8l 3,61
3,00 5,45  5.49  4.80  4.97  3.99  3.78
3,25 5,60 5.65 4,98 5,14 4,15 3,94
3,50 5,75 5.8l  5.16  5.32 4,32 4,11
3,75 5,90  5.98  5.34 5,49 4,49  4.25
4,00 6.04  6.14 5,52 5,67  4.66  4.39
4,25 6,19 6,30 5,70 5,86 4,84 4,55
4,50 6.34 .6.45 5.88 6,05  5.02 4,71
4,75 " 6.49  6.61 6,08 6,22 5.18 4,86
5.00 6. 64 6,77 6.27 5.34

6.39

5,02

Units, Electrons: Log;, (cm_zsec-lster-l.kv_ )

L
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2,1.2,7 Calibration of Data on Intermediate Tape

Current Protons
. Telemetry ' ' :
~ Volts - NO S0 N1P S1P N2P S2P N3P S3P
0.0 5.32 . 5.65 3,02  2.66 1.64  2.23 2,32  2.04
0.25 6.12 6.30 3.21 2,86 1.88  2.45 2,59  2.22
0.50 6.92 . 6.95 3.40 3,05 2,11 2,67 2.86 2.4l
0.75 7.49 7.25 3,58 3,28  2.34 2.86 3.09 2.60
1,00 8. 06 7.54 3.75  3.50 2,57 3,04  3.32  2.80
1.25 8.53 7.79  3.92  3.71 2,78  3.26 3.52 3,00
1.50 8. 99 8.03 4,08  3.93  3.00  3.47  3.72 3,20
1,75 9. 40 8.30 4,25 4,14 3,24 3,69 3,94 3,39
2,00  9.81 8.57 4.41  4.36 3.48  3.91  4.16  3.58
2,25 10, 1 8.86 4,58 4,54 3,70 4,08  4.36 3,77
2,50 10,5 9.14 4,74 4,73  3.92  4.25  4.56  3.97
2,75 . 10,8 9.40 4.90 4,91 4,10  4.44 4,74 4,14
3.00 11.1 9.65 5,05  5.10  4.28  4.63 4,92 4,31
3,25 11,3 9.90 5,20 5.26 4,46 4,80 5,08 4,47
3,50 11,6 10.1 4,35 5,42 4,64 4,97 5,25 4,64
3.75 11,7 10.4 5,50 5,58 4,8 5,15 5,42 4,78
4,00 11.9 10,6 = 5.64 5. 74 5. 00 5.33  5.59 4,93
4,25 12,0 10,8 5.79 5.90 5,18 5,52 5,77 5,08
4,50 12,1 11.0 5,94 6,05 5,36 5,70 5.95 5,24
4,75 12.1 11,1 6.09 6,21  5.55 5,88 6,11 5,39
5.00 12.1 11,3 6,24  6.38  5.75 6,04 . 6,27  5.55

Units, Current: Lo (kV crn';2 sec_lster-l)
€10
B 2 1

Protons: Log;, (cm’” sec™’ ster-lkeV_-)

2;1.2.8 . East data is in telemetry volts,
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2,1.2.9 Times of analog data

The times given for each sequence, in words (73,i) =
day of year, (74,i) = milliseconds of day, are the same
as those on the Goddard 3DME tapes.

The following formula y1elds the time of each datum
(analog) ,

t =t  + 0.32F + 0,02C + &

where to time of FOCO

Frame number = 0, 1, 2, 4, 5, 6, 8, 9,

F =
10, 12, 13, 14 (Note: 3, 7, 11 missing)
C = Channel number = 4 through 15

The order of words (l,i) to (72,i) is chronological.

€ is believed to be zero but may more correctly be’a
signed few milliseconds.,

2.1.,3 Magnetometer. Units are gammas. By is 68 less here than
on Goddard 3DME tapes.

EOF mark at the end of each file, There are usually about 24
files per tape, more if data has been merged from several
Goddard tapes. Each file on the intermediate tape will be a
complete or truncated Goddard file but always starts with the

I.D. information record of the originating Goddard 3DME tape file,

EOF Mark (Empty File)

There is no housekeeping data on the intermediate tapes, nor is
calibration data specially processed. Callbratlon sequences are
present however and are formally (insofar as tape structure is
concerned) similar to data sequences.
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